Acute pancreatitis can present as sudden, expected death and, therefore, fall under the jurisdiction of the medical examiner/coroner (ME/C). Although its etiologies are varied, alcohol abuse, trauma, and drugs are important to consider in the forensic setting. It is therefore important for the forensic pathologist to have an understanding of these and other etiologies, to have a functional knowledge of the pancreatic anatomy and physiology, and to be able to diagnose acute pancreatitis and distinguish it from postmortem artifact. This review will highlight the forensic aspects of acute pancreatitis, with particular focus on acute hemorrhagic pancreatitis. This will include an overview of the developmental anatomy and normal physiology of the pancreas, the various causes of pancreatitis that may result in deaths coming to the attention of the ME/C, the underlying pathophysiology of the disease, the postmortem diagnosis of acute pancreatitis, and ancillary studies that support the diagnosis. Acad Forensic Pathol. 2018 8(2): 239-255 
INTRODUCTION
The pancreas plays critical roles in digestion, glucose metabolism, and the maintenance of homeostasis. Perhaps, this is why the famous Austrian surgeon, Theodor Billroth, is credited with stating, "God put the pancreas in the back because he did not want surgeons messing with it" (1) . In the United States, approximately 210 000 patients are admitted to a hospital annually for treatment of acute pancreatitis (2, 3) . Much less commonly, acute pancreatitis will present as sudden, expected death and will be investigated by the medical examiner/coroner (ME/C). In this setting, it is relatively rare, accounting for less than 1% of deaths (4) (5) (6) (7) . This review will highlight the forensic aspects of sudden death from acute pancreatitis, with particular focus on acute hemorrhagic pancreatitis. Specifically, it will include pancreatic anatomy and physiology, common etiologies of acute pancreatitis, and the postmortem diagnosis of acute pancreatitis.
DISCUSSION

Anatomy/Physiology
In order to best understand the pathophysiology of acute pancreatitis, it is important to a have a functional understanding of the pancreatic anatomy. Embryologically, the pancreas originates from the duodenum as dorsal and ventral pancreatic buds between the fourth and fifth weeks of gestation (8) . The ventral bud rotates to become the uncinate process and main pancreatic duct (of Wirsung) and is closely related to the bile duct and common bile duct. The dorsal bud becomes the body and tail of the gland and in some instances retains the accessory pancreatic duct (of Santorini), which may have a separate entrance in the duodenum (9) . As will be discussed, the relationship between the pancreatic ducts and common bile duct can have an impact on the development of gallstone pancreatitis.
The pancreas is a retroperitoneal organ located at the level of the first and second lumbar vertebrae (10) . This is important to keep in mind in the setting of trauma with injury to these structures, and the potential effects on the pancreas. Additionally, there are significant vascular structures in close proximity to the posterior aspect of the head and neck of the gland including the aorta, superior mesenteric artery, splenic artery, and junction of the superior mesenteric and splenic veins (portal vein) (8, 10) .
Physiologically, the pancreas consists of both endocrine (islets of Langerhans) and exocrine components (acini). Approximately 10% of the gland is made up of islets that secrete three major hormones: insulin, glucagon, and somatostatin (11) . The remaining 90% of the gland consists of the exocrine components that produce digestive enzymes estimated at 1500 -2500 mL per day (10) . These are packaged into zymogens as proenzymes where their release is facilitated through the actions of trypsin (12) . The release and actions of these enzymes play important roles in both postmortem autolysis and in the pathophysiology of pancreatitis and the resultant alterations in homeostasis.
Epidemiology
Acute pancreatitis is an inflammatory disease that results in a spectrum of mortality related to the severity of disease. Mild acute pancreatitis, also known as edematous pancreatitis, tends to be self-limiting and has a mortality of less than 1% (13, 14) , while severe acute pancreatitis, or hemorrhagic pancreatitis, is associated with mortality rates ranging from 10-30% (15) (16) (17) (18) . Typically, deaths resulting from acute pancreatitis would not fall under the jurisdiction of the ME/C; however, acute pancreatitis can be a cause of sudden unexpected death and can be seen in the forensic setting. Although the incidence of fatal acute pancreatitis in the ME/C setting is not known, the reported incidence of acute pancreatitis first diagnosed at autopsy ranges between 30-42% (19) (20) (21) . In a forensic autopsy-based study, Tsokos and Braun researched acute pancreatitis deaths at the Institute of Legal Medicine in Hamburg, Germany between 2000 and 2004 (4) . During that time, 6178 autopsy examinations were performed and 27 cases of fatal acute pancreatitis were identified, resulting in a 0.44% frequency of the disease. Other forensic and autopsy studies have reported a frequency of fatal acute pancreatitis between 0.2% and 0.8% (5-7).
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Pathophysiology
The majority of cases of acute pancreatitis are caused by biliary disease (gallstone pancreatitis) or alcohol use/abuse. Together, these two etiologies account for approximately 75% of the cases of acute pancreatitis seen clinically in the United States; with 40% attributed to biliary disease and 35% attributed to alcohol use/abuse (22, 23) . In gallstone pancreatitis, a stone becomes lodged in the bile duct or sphincter of Oddi. It is proposed that this results in injury to the exocrine acinar cells through increased pancreatic duct pressures (12, 24) . Therefore, variations in the bile duct/ pancreatic duct anatomy can potentially be a factor in the development or severity of gallstone pancreatitis. In the forensic setting, however, acute pancreatitis is most commonly seen in the context of alcoholism, either alone or superimposed on chronic pancreatitis (4, 25, 26) . In part, this is due to the inherent selection bias of alcohol-related deaths frequently falling under ME/C jurisdiction. Alcohol (ethanol) causes pancreatitis through a group of related mechanisms. First, it leads to intracellular accumulation of digestive enzymes and there premature activation and release. It also increases the permeability of pancreatic ductules, which allows enzymes to reach the acinar cells, and it increases the protein content of digestive enzymes and decreases the bicarbonate levels and trypsin inhibitor concentrations, thereby promoting protein plugs that block duct outflow (12, 27, 28 ).
There are a wide variety of less common causes, as seen in Table 1 (29) (30) (31) (32) . Specific to the ME/C, pancreatitis should be considered in a delayed sudden death after abdominal trauma or after injury to the upper lumbar vertebrae. In jurisdictions that use "therapeutic complications" as a manner of death, pancreatitis after endoscopic retrograde cholangiopancreatography (ERCP) and related to medications may fall under ME/C jurisdiction. More rarely, pancreatitis from a toxin (e.g., scorpion or snake) can occur. Another etiology that is more specific to forensic practice is hypothermia, in which hemorrhagic pancreatitis has been described (33) . However, in a review of studies on pancreatic changes in hypothermia, the presence of hemorrhagic pancreatitis was not consistently seen and varied from 0-67% (34).
Independent of etiology, the common pathway of acute pancreatitis is injury to the acinar cells. Once these cells are injured, a host of changes occurs that result in the effective autodigestion of the parenchy- 
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ma. These include fusion of lysosomal and zymogen granules with resultant activation of trypsinogen to trypsin, activation of the zymogen cascade, and initiation of the inflammatory cell response (12) . As the inflammatory response grows, it can become systemic and affect the cardiovascular, respiratory, and renal systems (35, 36) . This can result in systemic inflammatory response syndrome (SIRS), shock, diffuse intravascular coagulopathy (DIC), and electrolyte abnormalities (30) .
Autopsy Pathology
The gross appearance of acute pancreatitis can vary greatly from mild hyperemia of portions of the gland to frank hemorrhagic necrosis that extends to the adjacent tissue and beyond. Some examples are shown in Images 1 to 6. As is the case with many aspects of forensic pathology, it is important for the autopsy pathologist to differentiate genuine disease from postmortem artifact. This is especially true in the pancreas, where the native enzymes and proteins produce rapid autolytic changes. As the cells break down in the postmortem state, digestive enzymes/chemicals that are typically contained in cells and ducts act on the parenchyma to produce degeneration and chemical necrosis. This process is not unlike the pathophysiology of acute pancreatitis where, despite the etiology, the acinar cells become injured and release their contents into the surrounding tissue, which results in additional injury. Given these similarities, it should not be surprising that postmortem autolysis and antemortem The only way to definitively confirm the presence of pancreatitis is to examine the tissue microscopically and identify the acute inflammatory cell infiltrate necessary to make such a diagnosis (Images 7 and 8) . The acute inflammation is often best seen in the interstitial tissue, which is somewhat spared from the chemical breakdown (Image 9). Other features reported to be helpful in distinguishing pancreatitis from autolysis are fat necrosis and calcium deposition (37); however, fat necrosis without inflammation is frequently seen in postmortem autolysis. It is also important to consider the overall state of decomposition of the body, the positioning of the body, and the distribution of change in the pancreas, as more advanced decomposition, prone positioning, and diffuse interstitial hyperemia/hemorrhage, are more likely to be associated with postmortem autolysis.
Although acute pancreatitis without hemorrhage is capable of causing death, hemorrhagic pancreatitis is more commonly reported in autopsy-based studies involving sudden death (4, 6, 7, 25) . It is likely that the combination of DIC and local auto-digestion result in the hemorrhage seen in pancreatitis (Images 10 to  12) . In an experimental study, Bakarev proposed that 
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pancreatic fat necrosis and hemorrhagic necrosis were separate morphological and functional entities (38) . The study showed that common bile duct ligation alone produces findings of fat necrosis, while common bile duct ligation in addition to injection of phospholipid A2 produces hemorrhagic necrosis, and with injection of trypsin, produces massive hemorrhage. If hemorrhagic pancreatitis results in significant retroperitoneal bleeding, it is possible that the overlying posterior peritoneal lining can be disrupted and intra-peritoneal hemorrhage (hemoperitoneum) can occur. This is most commonly reported in association with rupture of pancreatic pseudocysts (39, 40) , but there are also case reports describing acute intra-pertioneal hemorrhage in the setting of acute hemorrhagic pancreatitis (41-44) and a single report of this in the forensic literature (45) . In this report, five cases of acute hemorrhagic pancreatitis were described, all of which had associated hemorrhage in the peritoneal cavity and destruction of the elastic tissue of the vessels. From a pathophysiologic perspective, this can occur if there is hemorrhage in the retroperitoneal tissue that produces sufficient pressure to disrupt the posterior peritoneal lining, similar to intra-peritoneal hemorrhage from a ruptured abdominal aortic aneurysm. In the forensic setting, it is important to consider this as an alternative to trauma when there is pancreatic hemorrhage with or without retroperitoneal or intra-peritoneal hemorrhage.
Ancillary Testing
Clinically, acute pancreatitis is broadly classified as either mild or severe. Based on the Atlanta classification, severe acute pancreatitis is marked by either evidence of organ failure (systolic blood pressure below 90 mmHg, arterial partial pressure of oxygen 60 mmHg or lower, serum creatinine level of 2 mg/dL or higher, or gastro-intestinal bleeding greater than 500 mL in 24 hours), local complications (necrosis, abscess, or pseudocyst), Ranson score of 3 or higher, or acute physiologic assessment and chronic 
INVITED REVIEW
health evaluation (APACHE) score of 8 or higher (35) . In addition to these criteria, there are a number of scoring systems used clinically to guide therapy and predict outcomes in acute pancreatitis (Table 2 ) (32, 35, 46) . Most of these involve clinical assessment and laboratory data that are not able to be measured in the postmortem state. Despite this, there are ancillary tests that can be performed after death that may help to confirm the postmortem diagnosis of acute pancreatitis. Specifically, vitreous testing can reveal elevated glucose concentrations (greater than 200 μg/dL) as well as increased vitreous urea nitrogen (VUN) and creatinine concentrations, indicative of hyperglycemia and renal failure, respectively. In addition, testing of postmortem serum amylase and lipase may also be useful, although results must be interpreted with caution depending on the postmortem interval and lack of specificity of low level elevations (47) . Imaging studies such as computed tomography (CT), magnetic resonance imaging (MRI), and ultrasound (US) are frequently used to assess pancreatitis in the clinical setting (32) . With the increasing use of CT scans in the postmortem setting, this will become a useful adjunct to making the diagnosis of acute pancreatitis. How-
ever, as newer modalities such as postmortem CT angiography become more common, the importance of artifacts relative to the pancreas must be considered (48) .
CONCLUSION
Although infrequent in the forensic setting, acute pancreatitis should be considered in sudden, unexpected deaths, particularly in those related to alcohol abuse and in delayed deaths after abdominal trauma. In this setting, hemorrhagic pancreatitis is more common, and can be associated with frank intra-peritoneal hemorrhage. The gross findings of acute pancreatitis may overlap with those of postmortem autolysis, and therefore microscopic evidence of acute inflammation must be present to confirm the diagnosis. Ancillary studies, including vitreous testing and postmortem serum amylase and lipase testing, may be performed to support the diagnosis and explain the underlying pathophysiology. Where available, postmortem CT imaging may also serve as a useful adjuvant. Pleural effusion
